
















































































































0.001 0.01 0.1 1 10 100 1000
 Saffil- 800 K
 Saffil- 1400 K
 APA-AS- 800 K





























׵۶܍܉ܜ ܜܚ܉ܖܛ܎܍ܚ ܑܖ ܘܗܚܗܝܛ ܛܗ܎ܜ ܏ܗܗ܌ ܂۾܁ ܑܛ ܉






݇௘ ൌ ݇௦ ൅ ݇௚ ൅ ݇௥








߲ݐ ൅ ݑ ȉ ߘܶ ൌ ߘ ȉ ݇௘ߘܶ ൅ ݍ
















െߘܲ ൌ ߤܭ ݑ ൅ ߩܥ ݑ ݑ
(Stanek &Szekely,1974)














































െ ͳݒ௢ଷ ൌ ݇ܧ ܸܵܨ௜
ଷ െ ܸܵܨ௢ଷ
14
















































o Insulation– Effectoforientation(e.g.,Saffil matistransverselyisotropic),
othertypes(e.g.,OFI,MLI,aerogels),howtoreliablymeasuredensity
o Effectofsize/configuration– Hardtomeasurethermalpropertiesonsmall
samples
o Variationbetweensamples
¾ Validationofmodels– Howdowevalidatewithcombinedconduction,
convection,andradiation?
• Mechanicalmodeling
¾ Needmoredata
o Insulation– Basicmechanicalmaterialproperties,effectoforientation(e.g.,
Saffil matistransverselyisotropic),othertypes(e.g.,OFI,MLI,aerogels),how
toreliablymeasuredensity
o Effectofsize/configuration(e.g.,inclusionofspringtube,stitching,coatings)
o Variationinsamples
o Effectofenvironment(temperature,pressure,space)
¾ What’sthebestmodel?
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Goal:DevelopathermalbarrierthermoͲmechanicaldesign/sizingtool
Summary
• ThermalbarriersareintegraltosuccessfulTPSperformance
¾ Consideredmoreart,butneedmorescience
¾ Vehicledesignersneedguidanceindesigning,implementing,and
maintainingthermalbarriers
• Behaviorofthermalbarriers
¾ Thermalperformance
o Heattransferinporoussoftgoodsiscomplex
o GoodbaselineunderstandingofheattransferinporousTPS
o Challengesremainincharacterization(e.g.,lackofdata,difficulty
intestingsmallsamples)
¾ Mechanicalperformance
o Lessstudiedandunderstood
o Veryfewmodelsexist
o Multitudeofconfigurationsandimplementationscreatesmodeling
challenges
• Stillmuchtodo
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ComparisontoVanWykModel
569(HSͲtoͲBS) 570(PtoP)
• Variabilityincompressionperformanceofsamplesevident
• Suggestkvariesfromsampletosample(VanWyk,1946)
• Initialnonlinearitymaybeduetofiberslippage(Dunlop,1974)
k
k
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VariationofkforSamples
• kisfunctionofinitialdensityofcorefibers(Dunlop,1974)
• kiscomplexfunctionoffiberconfiguration(e.g.,layerorientation) 24
EffectofInsulationDensityonEffective
ThermalConductivity
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(Daryabeigi etal., 2010)
